An epidemiological and genetic study of profound deafness has been undertaken in the governorate of Nabeul in Tunisia. This paper deals with sensorineural deafness with no associated abnormalities. The prevalence was estimated to be 0.0007 and four clusters could be identified, two of which represent 51% and 34% respectively of the total number of cases. Segregation analysis performed in 29 pedigrees containing 415 subjects with 129 affected cases provided evidence for simple recessive inheritance with no sporadic cases.
The causes of profound deafness are various and genetic factors are known to play an important role in most diseases.' 2 Apart from a preliminary study in the governorate of Bizerte,3 no epidemiological and genetic study of deafness had previously been undertaken in Tunisia. Because of the high frequency of consanguineous matings, which may favour local aggregations, such a study appeared to be of particular interest in Tunisia, both from a purely cognitive point of view and also to draw up guidelines for public health.
A follow up survey of patients in the Department of Otorhinolaryngology of the Rabta (Ernest Conseil) Hospital in Tunis indicated the existence of numerous cases from the governorate of Nabeul and for this reason this genetic and epidemiological study was undertaken there.
In this paper, we present the results of the study of congenital sensorineural deafness with no associated abnormalities.
Material
The governorate of Nabeul is located in the northeast of Tunisia (fig 1) . The area covers about 2788 km2. The number of inhabitants was estimated as 401405 in 1984 by the National Institute of Statistics. The governorate is divided into 14 districts (fig 2) . The rural population has been estimated as 44-6%.
The samples of patients and families were collected in two steps. Between 1986 and 1988, 73 patients with sensorineural hearing loss were followed at the Department of Otorhinolaryngology. For 32 of them, it was possible to visit them at their home where the families were interviewed and complete pedigrees established. Affected subjects who had not been ascertained in the first step were carefully examined in the Department of Otorhinolaryngology. An for sibships containing at least one proband had to take into account the probability t of ascertainment (multiple selection): NO= (rs) P1(1-P psrll,)r where s and r are, respectively, the total number of sibs and the number of affected ones.
The likelihood for sibships with no proband, found by familial investigation, is (truncate selection):
PAP)
1(lps For sibships detected through normal subjects who asked for genetic counselling, the selection was considered to be single, since only an important familial aggregation would have led these people to ask for counselling. The likelihood for such sibships is:
The likelihood for the whole sample is computed iteratively, using an a priori p value, until the maximum likelihood is reached, providing the estimate of p. Then the frequency of affected children in the offspring of affected subjects (not ascertained through an affected offspring) was compared to the expected one, given the coefficient of kinship between parents.
CONSANGUINITY
The coefficient of inbreeding was computed for all the probands and was compared to the inbreeding coefficient computed on a random sample representative of the population of the governorate of Nabeul, with the same age distribution as the proband sample, since the inbreeding coefficient tends to decrease in younger generations.
GEOGRAPHICAL DISTRIBUTION OF AFFECTED SUBJECTS
In order to find possible clusters of the disease, the geographical distribution of affected subjects was studied, first using their place of residence and second according to the origin of their parents.
Results
Among the 34 sibships ascertained under multiple selection, there were 17 multiplex ones. Using the distribution of probands among affected cases in these sibships, we could estimate the probability of ascertainment t to be 0-20 (SE 0 10). The 95% confidence interval (using the exact truncate binomial distributions with equal probability on each side of the point estimate) was found to be 0-04 to 0-46.
Among the 88 probands with sensorineural hearing loss, only 55 were retained as having bilateral profound congenital deafness with no associated abnormalities and living in 1984, which was taken as the reference for the population size. So the prevalence can be estimated to be: f=55/(0 20x401405)=0 0007. Using the 66 sibships with unaffected parents, the segregation frequency could be estimated as 0-24 (SE 0-03), which fits perfectly with simple recessive inheritance. There were 26 affected subjects who were not detected through an affected child. Twenty-three of them were not related to their spouse, so their offspring had a probability close to 0 of being affected. They had a total of 56 children, none of whom were affected. The remaining three subjects were married to their first cousin who had a risk of 1/4 of being heterozygous. So, among the six children, 1/8 x 6=0 75 affected offspring would be expected and three were observed, which is higher, but not significantly so, than the expected number (p=0 058, bilateral test using binomial distribution). There was one sibship where both parents were affected. Under recessive inheritance with complete penetrance and no heterogeneity, all the children would be expected to be affected and this was observed (four out of four children affected).
The inbreeding coefficient was computed for the 38 probands where family history was complete, except for two of them whose parents were related but the exact relationship was unknown. The distribution of these affected subjects and the controls according to their inbreeding coefficient is given in table 2. There is a significantly higher frequency of subjects with a high inbreeding coefficient in the affected group than in the control group (X2=31-475 df 2, p<0001) after removal of the 'unknown' class. f=c'(q/16+15q2/16)+( 1-c')q2=0-0009.
The geographical distribution of all affected subjects is given in table 3. In general, the origin of parents was the same as the place of residence; the parents had migrated from another governorate in only four cases out of 129. There were five districts with a particularly high number of cases: Hawaria, Menzel Temime, Klibia, Grombalia, and Bouargoub. These areas represent the place of residence of 70 cases and the origin of parents of 80 cases. The exact localisation of the villages from which the parents originated showed four clusters, represented on the map and denoted A, B, C, and D (fig 2) . Two clusters, A and B, are particularly important since they represent, respectively, 51% (64/125) and 34% (43/125) of cases. In the district of Hawaria one section (hatched on the map) contains 22% (28/125) of all cases. In these two clusters, all the affected subjects came from rural areas known to be endogamous in previous generations.
Discussion
The prevalence of sensorineural profound deafness with no associated abnormalities has been estimated to be 7/10 000 in the governorate of Nabeul. This estimate was obtained through the estimation of the probability of ascertainment jT. This parameter was estimated using the distribution of probands among affected sibs in multiplex sibships. This method assumes that probands have been independently ascertained,5 which may not be true since there were only two sources of data in this particular sample. There were four sibships with two probands. In one case, the probands were dizygotic twins and could not be considered to be independently ascertained, so only one proband was counted. In the three other cases, the probands were ascertained through the same source: in two sibships through the hospital, and in the third through a school for deaf children. It is very difficult to know if ascertainment is really independent, since there is a high probability that an affected child is followed in the same department as his affected sib, and also a high probability that two affected sibs go to the same school. So, the r estimate of 0-20 is probably an overestimate of the true value. The consequence is that the prevalence is probably underestimated, but this bias may be negligible considering the large confidence interval.
The overestimation of the probability of ascertainment should also theorectically affect the segregation frequency estimate. However, Martinez et al5 showed that an overestimation of r has a negligible effect on p when Zr is low, which is the case in our sample.
There are now complex methods of segregation analysis, the basic aim of which is to provide evidence for a major gene among several sources of familial aggregation. The method using the 'unified' model,9 for instance, is in favour of a major gene in numerous examples. These methods are not appropriate to this disease where the existence of a major gene is not in doubt and where the problem is to know if a simple recessive model can explain the data. Furthermore, these methods assume a panmictic structure of the population and genetic independence of parents, which is not the case in the present data. The incorporation of a coefficient of kinship between parents and of the possibility of a non-panmictic structure of the population into the POINTER program'0 is under study at present.
We have seen that the data in most categories of sibships perfectly fitted a simple recessive model with complete penetrance and no sporadic cases. Only in the category of sibships with one affected parent married to his/her first cousin was an excess of affected children observed. However, this excess was the result of only one sibship with three out of three children affected and can be attributed to chance.
The recessive hypothesis is strengthened by the increase in the inbreeding coefficient of the probands compared to that of the controls. The relative increase in the frequency of probands whose parents are first cousins compared to controls allowed an estimation of the deleterious gene frequency of 0-02, assuming homogeneity of the disease. This assumption would be unrealistic in European countries where there are probably several loci for autosomal recessive profound congenital deafness. The population of the governorate of Nabeul is likely to be more homogeneous, but the possibility that more than one locus is involved must be kept in mind. The fact that the estimate of the prevalence, 010009, obtained under this assumption is close to the estimate of 010007 obtained by the first method, although both estimates have large confidence intervals, can be considered as an argument for genetic homogeneity of the disease in this region of Tunisia.
Four clusters have been found by studying the origins of the parents of affected cases. Two of them are particularly important because they include 85% of cases. The fact that these clusters have been found in areas known to be highly endogamous in the past can explain these aggregations in two ways. First, the socioeconomic isolation of these groups may have led to an increase in gene frequency in some of them, owing to genetic drift. This phenomenon is now well known and the high frequency of hearing loss observed in an isolated West Indies population could be attributed to genetic drift as well as founder effect." 12 Second, although the mean inbreeding coefficient has substantially decreased, it remains high enough to maintain a high frequency of homozygotes. In the control population of these areas, the mean inbreeding coefficient is 0-0283 for persons aged over 20 years and 0-0163 for those aged less than 20 years.
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